Abstract. The aim of this study was to detect the syntaxa in the Ihlara valley vegetation which have not been previously phytosociologically assessed. Ihlara Valley is geographically located in Central Anatolia and in the Irano-Turanian phytogeographical regions. The study area is located within the B5 square based on the Grid System (Davis et al. 1965(Davis et al. -1985. According to the Braun-Blanquet (1932) method, there are three plant associations belonging to three different vegetation types in the region; Pistacio terebinthi -Celtidetum tournefortii (shrub vegetation), Astragaletum karamasici -microcephali (tragacanth steppe vegetation), and Rubo sancti -Salicetum albae (riparian vegetation). These three syntaxa are all new to the world of science.
Introduction
A majority of the phytogeographers suggest that Central Anatolia, which includes Ihlara Valley, forms the western border of Central Asian steppe and desert strip; in other words, the Irano-Turanian floristic region. Walter (1962) qualifies Central Anatolia as a steppe along with Syria, Mesopotamia and Eastern Anatolia. Additionally, Walter (1972) explains that Central Anatolia is not a semi-desert but a steppe where annual crops and geophytes are quite common (Çetik, 1985) .
The Central Anatolian plains, mountains excluded, is a vast plateau with an altitude ranging from 800-1600 m (Çetik, 1985) . In the Central Anatolia Region, summers are hot and dry and winters are harsh and long. The climatic characteristics are of a continental climate in terms of temperature conditions and steppe climate in terms of rainfall conditions. The once-present forests were significantly destroyed throughout the millennia of human habitation (Günal, 2013) . Central Anatolia has been intensely inhabited since almost as early as 3000 BC. Needs for firewood, construction timber, mining operations, overgrazing, and deforestation for agricultural lands have formed the current anthropogenic Central Anatolian steppe by eliminating the natural vegetation. Therefore, the borders of the real steppe in Central Anatolia have enlarged and the neighboring low and high mountain steppes have emerged (Çetik, 1985) . Larch, oak and juniper species are conserved in forest residues in the higher parts of the region (Avcı, 2005) .
In the Central Anatolian plain areas, which include the upper parts of Ihlara Valley, plant taxa belonging to the anthropogenic steppe vegetation, consisting generally of xerophytes, are common. Additionally, there are taxa typical of shrub and riparian APPLIED Ihlara Valley, one of the Turkey's most important historical and natural beauties located in Cappadocia, was formed results of millions of years of geological events and thousands of years of cultural accumulation. Geomorphologic structure, volcanism, hydrothermal activity and cultural activities can be counted among the factors that influenced the formation of natural vegetation. Ihlara Valley, in which anthropogenic steppe characterized the great plains of Central Anatolia, is a kind of microclimate of an area of an island with its own characteristic vegetation.
The Cappadocia region and the surrounding area, including Ihlara Valley, is regarded as a moderately-well characterized region in terms of its floristic aspects (Çırpıcı, 1987) . Several phytosociological studies on various vegetation types have been carried out (Düzenli, 1976 In this study the natural vegetation of Ihlara Valley, declared as Special Environmental Conservation Zone and protected since 1990 to conserve its cultural assets and biodiversity, is aimed to be determined phytosociologically. This study is hoped to contribute to the future studies aiming to investigate natural succession of this area by time.
Materials and Methods
Thirty relevés were taken from the vegetation types in the study area which represent the vegetation in terms of floristic composition and were adequately homogeneous. The relevés were the "minimal area" representing the vegetation, where possible. The width of the relevés in the study area was determined as 400 m 2 for shrub vegetation, 25 m 2 for tragacanth steppe vegetation and 50 m 2 for riparian vegetation. Evaluation of floristic table in terms of plant sociology was performed using the Braun-Blanquet (1932) method and Frey & Lösch (1998) detailed abundance-cover scale were used. According to this scale; r = 1 individual (also rare outside the relevé, small plant); + = 2-5 (small) individuals, cover < 5%; 1 = 6-50 individuals, cover < 5%; or few larger individuals (often given as 1-5) with a cover up to 5%; 1m = many individuals (> 50), cover < 5%; 2a = cover 5-12.4%; 2b = cover 12.5-25%; 3 = cover 25-50%; 4 = cover 50-75%; 5 = cover 75-100%.
Syntaxa belonging to the shrub vegetation were classified according to BraunBlanquet et al. (1952) , Barbero and Quézel (1976) , Quézel et al. (1980) , and Akman (1995) ; syntaxa belonging to the step formations were classified according to Quézel (1973) and Akman et al. (1984; and syntaxa belonging to the riparian vegetation were classified according to Rivas-Martínez (1991) . Phytosociological nomenclature codes (Weber et al., 2000) were used for naming the sociological units.
The comparison of described syntaxa with the similar associations regarding the floristic composition was made by using Sørensen (1948) similarity formula: C s = (2 x C x 100) / (A + B) (C s = similarity coefficient, A is the number of species found in site A, B is the number of species in site B and C is the number of species shared by the two sites). Analysis of representative soil samples taken from the study area were performed at Soil and Fertilizer Research Institute. EC, pH and salt were measured from the extract obtained from soil saturation paste (Richards, 1954) ; soil particle size distribution according to Bouyoucos method (Bouyoucos, 1936) ; available lime in soil according to Calsimeter method (Sherrod et al., 2002) ; available phoshorous in soil according to Olsen method (Olsen et al., 1954) ; available potassium according to Ammonium acetate method (Schollenberger and Simon, 1945) ; soil organic matter according to modified Walkley-Black method (Walkley and Black, 1934) .
In order to define the climatic characteristics of the study area, data from Aksaray meteorological station were obtained from the General Directorate of Meteorology Affairs (Anonymous, 2010) . In order to determine the bioclimatic zones,
developed for Mediterranean Region and, S = PE / M formula, developed to describe dry seasons (Emberger, 1954) , were used along with studies by Akman and Daget (1971) and Akman (1999) . Studies by Davis (1965 Davis ( -1985 , Davis et al. (1988) , and Güner et al. (2000) were used for the identification of collected taxa.
Study Site
Ihlara Valley, which was defined as the Ihlara Special Environmental Conservation Zone in 1990, is approximately 40 km southeast of the province of Aksaray, close to Güzelyurt district, covering an area of 54.64 km 2 at the intersection point of 34 0 16' 00" latitude and 38 0 15' 00" longitude. The region is completely a natural and archaeological site with a narrow (50-500 m) and a deep (20-110 m) structure formed by Melendiz Stream which creates an oasis in an arid region. Ihlara Valley attracts attention with its unique geological and hydrogeological structure. The valley floor, which is located at an altitude of 1220 m, is covered with rocks as a result of the volcanic activities of Hasan Mountain and Erciyes Mountain during the Pliocene geological era (Anonymous, 2012) . The deep valleys and geological units in this valley were formed over a period of about 5 million years. Ihlara valley is located in the Tuz Gölü (Salt Lake) basin in the Central Anatolia region, which is surrounded by North Anatolia (Black Sea) to the north, Southern Anatolia (Taurus) Mountains to the south, the East Anatolian high plateau to the east and the Central Western Anatolia high plateau to the west (Gülkal, 1999) . Ihlara Valley, formerly known as "Peristremma", is 14 km long (Anonymous, 2012) , including the towns of Ihlara and Selime and Yaprakhisar and Belisırma villages. The valley is connected to Güzelyurt district at the foothills of Hasan Mountain (3268 m) and Melendiz Mountain (2963 m) and extends towards the northwest (Gülkal, 1999) . The Melendiz River (this river was called Potamas Kapadokus, meaning Cappadocia River, in primeval days) extends from one end of the valley to the other. Ihlara valley forms a part of the Cappadocia region with a history stretching back to 3000 BC. Many churches carved from the rock during the Roman Empire era at the 4th century representing the artistic styles of the period can still be found in the valley (Anonymous, 2012) (Fig. 1 (Tanker et al. 1989) A large part of study area consists of volcanic rocks from the Miocene, Pliocene and Quaternary eras. All of these units are covered with travertine, talus and alluvium. The main factor determining the region's morphology and geological activities is erosion, which has continued intensively to the present day. Hasan Mountain, which is very close to the valley, was formed during Paleozoic and Mesozoic eras. (Anonymous, 2012) . Volcanic activity occurred most recently in the Quaternary era, thus the area is geologically quite young. Therefore, the original features of the geological structure have survived intact to the present day. Erosion caused by the tributaries of the Melendiz River along with other climatic conditions have given Ihlara Valley and the close vicinity their present appearance. The non-horizontal position of the geological units indicates that major tectonic activities have given a gradient to the region (Gülkal, 2005) (Fig. 2) . In Ihlara Valley, tuff stones, which were formed as a result of volcanic eruptions, deeply affect the structural character of the environment, having been worn by wind, erosion and other natural factors to form "Fairy Chimneys" of various shapes and colors between Selime and Yaprakhisar. Tectonic movements have collapsed the areas covered with coarse grains and crumbly rocks in which tuff stones are dominant at some places, while gray, green and brown colors are found at others. The Melendiz River, flowing along the Ihlara Valley, has gained a greater depth by excavating the bottom of the canyon valley, which was formed as a result of such a collapse (Gülkal, 1999) .
Results
As a result of the study, syntaxa belonging to shrub, tragacanth steppe and riparian vegetation types (plant association) were determined with the syntaxonomic units that they belong to. The three identified syntaxa are new to the world of science.
Pistacio terebinthi -Celtidetum tournefortii ass. nova (Table 1) Holotypus: relevé 3, Karagedik church and its surrounding, Cover %85, 400 m . Shrub overlap is between 70-85% with an average height of 3 meters. Grass overlap is between 50-60% with an average height of 25 cm. The association was found between the 1180th and 1205th meters of the study area.
Physiognomy of the association is dominated by Celtis tournefortii; this taxon shows a wide distribution throughout Turkey. The co-dominant Pistacia terebinthus subsp. terebinthus is an Irano-Turanian element. Malva sylvestris, Crupina crupinastrum, Vicia peregrina, Lathyrus cicera, Matthiola longipetala subsp. bicornis, Trigonella aurantiaca, Medicago sativa subsp. sativa, and, Stachys cretica subsp. anatolica are frequently found to participate in the association.
Astragaletum karamasici -microcephali ass. nova (Table 2)
Holotypus: relevé 17, Belisırma locality, Cover %85, 25 m Astragalus microcephalus, which determines the physiognomy of the association, is an Irano-Turanian element which shows a vast distribution in steppes in Turkey. Codominant Astragalus karamasicus is an endemic taxa generally native to the Central Anatolia. Xeranthemum annuum, Teucrium polium, Marrubium globosum subsp. globosum, Ziziphora taurica subsp. taurica, Thymbra sintenisii subsp. sintenisii and, Clypeola jonthlaspi are frequently found in the association.
Rubo sancti -Salicetum albae ass. nova (Table 3) Holotypus: relevé 25, Melendiz river, Cover %85, 50 m The taxon Salix alba, which is an Euro-Siberian element, shows a wide distribution in many streams and rivers in Turkey. Rubus sanctus, Geranium purpureum, Veronica anagallis-aquatica subsp. oxycarpa, Nepeta nuda subsp. albiflora, Lepidium latifolium, Stellaria media subsp. media and, Lamium purpureum var. purperum are frequently found to participate in the association.
The Ihlara Valley lands can be divided into three groups in general; alluvial soils, brown soils and brown lime soils. There are also bare rocks and debris located in the area.
In the study area, riparian vegetation, which flourishes over alluvial soils, is found along the Melendiz River. Brown soils are the most widely distributed soil type group in the area. Tragacanth steppe vegetation flourishes over these calcareous Brown soils. Shrub vegetation, which flourishes over the hillsides in the area, generally flourishes over limeless brown soils, bare rock cracks and debris. According to the relationship between plant associations in the study area and the soil texture types, the plant association belonging to the riparian vegetation flourishes best in clay-loam soils, the plant association that belongs to the tragacanth steppe vegetation flourishes best in loam soils, and the plant association that belongs to the shrub vegetation flourishes best in clay-loam and clay soils.
A large proportion of Turkish soil is alkaline. Soil pH classification is as follows; pH<4.5 strong acid; 4.5-5.5 medium acid; 5.5-6.5 weak acid, 6.5-7.5 neutral; 7.5-8.5 weak alkali; pH>8.5 strong acid (Eyüpoğlu, 1999) . When the analysed soils are considered according to this classification, soils with Astragaletum karamasicimicrocephali are weak alkali, Pistacio terebinthi-Celtidetum tournefortii are neutral, and Rubo sancti -Salicetum albae soils are weak alkali.
Electrical conductivity in soils is classified as; EC<2 dS m -1 non-saline; 2-4 dS m -1 medium salinity; 8-15 dS m -1 highly saline and EC> 15 dS m -1 very highly saline (Richards, 1954) . When the analysed soils are considered from an electrical conductivity point of view, the three soil syntaxa are all in the non-saline soil class.
Much of the soils in Turkey are lime rich. When classified according to lime content; lime content <0-1% low lime; 1-5% limey; 5-15% medium degree lime; 15-25% lime rich; >25% very lime rich (Gedikoğlu, 1990 Soils in Turkey tend to be poor in phosphorous. The classification of soils according to phosphorous content is; P 2 O 5 <3 kg da -1 very low; 3-6 low; 6-9 medium; 9-12 high and 12 very high (Eyüpoğlu, 1999) . The Astragaletum karamasici -microcephali soils are very low in phosphorous, Rubo sanctiSalicetum albae soils are low in phosphorous and Pistacio terebinthi -Celtidetum tournefortii soils are high in phosphorous.
The majority of soils in Turkey are sufficient or rich in potassium (Eyüpoğlu, 1999) . The classification of soils according to potassium content is; K 2 O<20 kg da -1 low; 20-30 medium; 30-40 sufficient and K 2 O> 40 high (Ülgen and Yurtsever, 1995) . When the analysed soils are considered, all three soil syntaxa are variable in potassium content, with generally high potassium values.
Turkish soils are typically poor in organic matter (Eyüpoğlu 1999) . When classified according to organic content; organic matter <1% very low; 1-2% low; 2-3% medium; 3-4% good and organic matter >4% high (Gedikoğlu, 1990 ). According to this, Astragaletum karamasici -microcephali and Rubo sancti -Salicetum albae soils are very low in organic content and Pistacio terebinthi -Celtidetum tournefortii soils are low in organic matter.
Analyses indicated that the soil parameters are in the optimal ratios for plant growth; no negations were observed. Accordingly, soil texture type and climate both play roles in the formation of plant associations in the study area ( Table 4) .
Table 4. Chemical analysis of the plant associations soils taken from the study area. C: clay, L: loamy, CL: clay-loamy
The Ihlara Valley located in the Central Anatolia closed basin is one of the lowest precipitation areas in Turkey. The Melendiz River and its tributaries form the most important drainage system. There are mostly volcanic rocks with low water permeability located in Ihlara valley and the surrounding area. Water is found in three main areas as streams, stagnant water and thermal water (Gülkal, 2005 The Melendiz river, which is 60 km long (only 14 km of it flows through Ihlara Valley), is 1-2 meters wide at the steep entrance of Ihlara Valley, with the width reaching to 8-10 m after approximately 500 m. The river forms a 2-3 m high waterfall at this point where the depth on the western side is sufficiently shallow for walking. This river furcates and forms gravelled islands where the slope of the land decreases. Melendiz becomes narrower at some places while wider at others until Belisırma, wherafter it expands towards Yaprakhisar after Kırkkazık (Gülkal, 2005) .
As can be seen in the ombrothermic diagram from Aksaray station, the dry season starts at the end of May and lasts until November. Frost can be seen during January, February, and December in the study area (Fig. 3) .
Researchers who study Mediterranean climates such as Emberger, Akman and Daget have divided the Mediterranean climate zone, which covers a very large area, into several sub-types of bioclimactic zones considering the gradual differentiations of the climate from coastal areas towards inner areas (Akman, 1981) . The Emberger (1954) drought index (S = PE / M) at the Aksaray station, which includes Ihlara valley, is 1.12. As the S value is below 5, the study area is within the Mediterranean climate, indicating the presence of a minimum summer rainfall and a significant summer drought. The Emberger (1954) precipitation-temperature ratio (Q) gains an ecological importance when considered along with the average minimum temperature of the coldest month (m). When these two values are applied to the Emberger (1954) diagram, the following results emerge for the study area ( Accordingly, the Aksaray station, which includes the study area, is classified under "semi-arid Mediterranean climate with cold winters" conditions and shows the characteristics of the East Mediterranean precipitation regime second variant (Sp.W.A.Sm.).
Discussion
In the Ihlara Valley, three plant associations were detected belonging to shrub, tragacanth steppe and riparian vegetation types. Shrub vegetation flourishes in the lower slopes of the valley, tragacanth steppe vegetation flourishes in the upper slopes of the valley and riparian vegetation flourishes along the Melendiz riverside, which flows through the middle of the valley.
Amongst the natural vegetation of the Ihlara Valley, shrub vegetation formed by two tree species in the form of shrub including Celtis tournefortii and Pistacia terebinthus subsp. terebinthus, as well as Colutea cilicica and Pyracantha coccinea taxa is seen on the valley slopes at altitudes of 1205 and 1290 m between Ihlara town and Belisırma village along 14 km of valley, especially on the slopes facing east and northeast. These are pure associations in which Celtis tournefortii determines the physiognomy and dominates the vegetation. As the west-facing slopes of the valley are steep, shrub vegetation in these areas are quite weak (Fig. 4) .
The high number of types with less repetition in the Pistacio terebinthi -Celtidetum tournefortii association identified in the shrub vegetation indicates an anthropogenic effect or negative living conditions for the plants on the valley slopes.
Riparian vegetation was detected in the Ihlara Valley starting from Ihlara town, which is at the southern end of the valley, and extending for 14 km until Selime town between altitudes of 1189 and 1202 m throughout the Melendiz River flowing at the bottom of the valley. Rubo sancti -Salicetum albae syntaxa were identified from this vegetation in which Salix alba was dominant (Fig. 5) .
Following a literature search (Braun-Blanquet et al., 1952; Zohary, 1973; Demiriz, 1993; Ketenoglu et al., 2010) performed for these two syntaxa identified at the study area, it was found that these two syntaxa are new to the world of science as they have not been identified previously.
Tragacanth steppe vegetation dominated by Astragalus microcephalus in the Ihlara Valley flourishes for 1 km from Belisırma town to Selime town at the upper slopes between altitudes of 1124 m and 1306 m. Astragaletum karamasici -microcephali syntaxa was identified from this vegetation type (Fig. 6) Astragalus microcephalus has been determined as the dominant type for syntaxa identified in various phytosociological studies carried out in different parts of Turkey and also named in the co-dominancy of various taxa. Comparing the syntaxa identified in Ihlara Valley with the syntaxa identified in the studies carried out in Çubuk Dam (Çetik, 1963) , Beynam Forest (Akman, 1972) , Serpentine formation on Kırıkkale, Kalecik and, Elmadağ (Kılınç, 1974) (Cansaran et al., 2010) , similarity ratio was below 50% according to the similarity formula described by Sørensen (1948) . Within the light of these results, these syntaxa identified from the study area should be considered as new to the world of science.
Figure 6. A view of Astragaletum karamasici -microcephali
Ihlara Valley has been a preferred settlement area since the earliest times due to its suitable climate conditions. This has led to anthropogenic influences, along with climate factors, directing the vegetation of the valley to its present condition. For example, along with many Populus nigra, Juglans regia and Robinia pseudoacacia planted by people along the the Melendiz riverside, there are also corn, wheat and barley planted by the settlers together with field weeds in the small plains in the valley.
In such a deep and narrow canyon as the Ihlara Valley, strong isolation conditions lead to the formation of a microclimate field. This prevents the areal expansion of the plants by active or passive distribution and also causes the inner valley to be affected less by the long dry summer conditions of Central Anatolia (Tanyolaç, 1995) . and at the Melendiz riverside at the bottom of the valley. Additionally, Irano-Turanian elements are very common in the plant association (Astragaletum karamasicimicrocephali) identified at the upper parts of the valley. This is a result of the microclimatic conditions provided by the geomorphological structure of the Ihlara Valley (Fig. 7) .
Figure 7. Chorology of taxa in plant associations
Examining the distribution of taxa identified in plant associations in Ihlara Valley according to Raunkiaer (1934) , it was observed that, in general, hemicriptophytes ranked first in all three syntaxa. Phanerophytes were ranked second in Pistacio terebinthi-Celtidetum tournefortii and Rubo sancti -Salicetum albae syntaxa, in which Euro-Siberian phytogeographical elements characterized by a mesophytic vegetation containing abundant amounts of the phanerophytes and hemicriptophytes are very common. Terophytes and chamaephytes were ranked second in Astragaletum karamasici -microcephali syntaxa, which contains Irano-Turanian phytogeographical elements characterized by a xerophytic vegetation with abundant amounts of chamaephytes and hemicriptophytes. Conclusively, these life form distributions in the syntaxa are in compliance with their vegetation type and phytogeographical regions (Fig. 8) .
In Ihlara Special Environmental Conservation Zone, habitat classes were determined according to the criteria determined by European Nature Information System (EUNIS) (Anonymous, 2004) . The names of the seven identified habitat classes and their locations at the area are given in Fig. 9 
